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Abstract 
Simple and piecewise linear regression methods were used on cross-country as well as 
pooled-cross-country data to estimate the relationship of enrollment ratios to per capita GNP 
growth. Dummy intercept shifters were used for countries of the OPEC (Organization of 
Petroleum Exporting Countries) and East Asian Countries (EAC). Dummy variables were also 
used for the threshold values of the enrollment ratios and for the periods in the pooled 
regressions. Results showed that: (1) The positive relationship of secondary enrollment ratios 
to per capita GNP growth were stronger and their estimated regressions better fitted than those 
of primary ones. (2) The intercept of the estimated regressions - throughout the analysis - 
shifted downward once the OPEC dummy variable was introduced into the model and shifted 
upward when the EAC dummy was included. (3) The effect of the enrollment ratios up to the 
threshold values was much more powerful on economic growth than was that beyond the 
threshold values. (4) Pooled estimated enrollment/ economic growth regressions showed 
some negative structural change in the periods 1980 and 1992 as compared to the reference 
period 1950. 
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INTRODUCTION 
Education is an important dimension of human capital. As such, the relationship of education to 
economic growth deserves close examination. Despite assertions made by economists that the 
expansion of education is an effective long-run strategy for economic growth (Schultz, 1961, 
1981; Todaro, 1989, p. 345; Tilak, 1989, pp 10-23), this strategy has been overlooked in some 
developing countries (Reimers and Tiburico, 1993)2. Hence, studies of this kind seem to be 
pursued. 
Several studies have been conducted on the relationship of education to economic growth. In 
most of these studies, the relationship has been found to be positive. A summary of these studies, 
as well as those on the relationship of education to poverty and income distribution, is presented 
in Tilak (1989, pp. 10-63). The methodologies utilized to examine the relationship of education 
to economic growth are summarized by Tilak (1989, pp. 10-23) and include the historical 
narrative approach, correlation analysis, regression analysis, production functions, simultaneous 
equations, and rate of return. Although the results of these empirical studies generally show a 
positive relationship between education and economic growth, there are differences in terms of 
the magnitude of the relationship as well as the way of explaining the effects. In addition, these 
studies differ in terms of the country or the geographical area covered, the type of data and the 
length of time considered, and the types of the models and the variables used for their analyses. 
Studies by Aukrust (1959); Denison (1962); Jorgenson (1984) focused on a single country while 
others such as Krueger (1968) and Kothari (1970) used cross-country data for their analyses. 
Tilak (1986) classified 75 countries into four categories in order to specify their differences with 
respect to the education/economic growth relationship. Different variables and variable 
specifications have been used in comparable studies as well. Most of these studies have used per 
capita income growth as the dependent variable and several different kinds of explanatory 
variables, including literacy level (Hicks, 1980) and enrollment ratios (Marris, 1982; Lau et al., 
1991; Glaeser 1993; and Cohen and Hammour, 1994). Lau et al. (1991) regressed a cross- 
country aggregate production function. Among other regressions, Lau, et al. regressed the 
aggregate real output on quantitative variables of capital, land, labor, and level of schoolings and 
the dummy variables for different geographical areas. Cohen and Hammour (1994) using Solow 
(1956) production function model studied the cross-country relationship among different macro 
variables. For example, they regressed per capita income on physical capital, human capital, 
population growth, and initial income level. Glaeser (1993) in his cross-country analysis divided 
education's effect on economic growth into three parts: (1) an effect of change in the returns to 
schooling over time; (2) an indirect effect due to schooling's positive effect on schooling growth; 
and (3) a direct effect due to education's raising income growth even holding education growth 
constant. Glaeser (1993) used variables of per capita GDP and secondary school enrollment ratio 
in his regression analysis. He avoided to include other explanatory variables in order to keep the 
model simple. 
2 Education is here referred to in its broad sense without differentiating between general education and vocational 
training. For the difference see, for example, Singer (1976 pp. 399-400). 
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The general objective of the present study is to shed more light upon the education/economic 
growth relationship. Specifically, this study focuses on the following four objectives: 
1) The first objective is to explore the relationship of school enrollment ratio to economic 
growth across various countries3; 
2) The second objective was to determine whether the relationship of enrollment ratios to 
economic growth differs at a statistically significant level for the Organization of Petroleum 
Exporting Countries (OPEC) and/or for the East Asian Countries (EAC) from that of other 
countries under investigation due to economic structural differences. OPEC was categorized 
because it has relied mainly on a single exporting commodity--oil--for its foreign exchange 
supply. EAC was categorized because it has experienced a high and sustained level of economic 
growth over the last 25 years (World Bank, 1993); 
3) The third objective is to see whether there has been any structural change over time - 
leading to a shift in the intercept of the estimated enrollment/economic growth regressions; and 
4) The fourth objective is to investigate whether the slope of the regression line between 
enrollment ratio and economic growth remains constant regardless of the level of enrollment 
ratio. 
METHODS AND DATA 
A linear regression model was used on cross-country data--for the seven periods of 1950, 1955, 
1960, 1965, 1970, 1980, and 1992--to estimate the relationship of enrollment ratio to economic 
growth4. Dummy variables were included in the model to estimate the possible shifts in the 
intercept of the regressions for the two categories of countries: OPEC and EAC. For the analyses 
in the third and fourth objectives, cross-country data for the seven periods were pooled. For the 
third objective, by inserting a dummy variable for each period the shift in the intercept of the 
underling regressions were tested. The dummy for the year 1950 was omitted in order to consider 
1950 as the reference period. For the fourth objective a piecewise linear regression model 
(Gujarati, 1988 pp 454-456) was used to estimate the possible threshold for the level of 
enrollment ratios affecting economic growth. This step was included to find out whether the 
slope of the regression lines changes at threshold values. 
Growth of per capita GNP in constant terms was taken as the dependent variable throughout the 
study5. The quantitative explanatory variable was school enrollment ratios6, used as the proxy for 
level of education. The qualitative variables in the different regressions included nine dummies: 
3 This is not something new to explore; however, it was included as a part of the analysis in order to make the use 
of covariance framework possible for the second, third, and fourth objectives. 
4 In this paper, the results of the estimated regressions that used economic growth rather than the quantity of output 
as the dependent variable are presented. The reason is that autocorrelation were observed--on the basis of their 
estimated Durbin-Watson statistics--in almost all of the estimated regressions in which the quantity of output was 
used as the dependent variable. Nonetheless, the quantity of output has been used for this kind of analysis though in 
somewhat different models (Lau, et al., 1991; Cohen and Hammour, 1994; and Glaeser, 1994). 
5 Equations with logarithmic values of the dependent variable were not run due to the existence of negative sign for 
some of the per capita GNP growth. 
6 The enrollment ratio of secondary schooling for female, male, and total populations were presented in the models 
and in the results. For primary schooling only total population was presented, however. The reasons were that the 
results that used primary enrollment of female and male were not highly significant or it was deemed necessary to 
make the paper short. 
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two for OPEC and EAC, six for the different periods, and one for the threshold values in the 
piecewise regressions. Other variables such as literacy level, initial income, and investment were 
inserted into the regressions whenever it was' appropriate. However, the full estimated results of 
these other variables are not presented in the paper because the results did not show a high level 
of significance or it was thought necessary to keep the paper short. 
The linear regression equation used to estimate the relationship of enrollment ratio to economic 
growth and the effects of OPEC and EAC dummies - first and second objectives - was as 
follows: 
Qi = a + h1Ei + h2D2i + h3D3i + ui (1) 
where: 
Qi = per capita GNP growth in constant terms between 1980 to1993 and measured in U.S 
Dollars for country i. 
Ei = school enrollment ratio (gross) for country i, measure as the percentage of school age 
population actually enrolled. The enrollment ratio, Ei, was applied in separate 
regressions to the total population in the primary school and to the female, male, and 
total populations in the secondary school enrollment ratios for the years 1950, 1955, 
1960, 1965, 1970, 1980, and 1992. 
D2i = Dummy variable, with a value of one for the OPEC countries included in this study 
(Algeria, Gabon, Nigeria, Ecuador, Venezuela, Indonesia, Kuwait, Saudi Arabia, and 
The United Arab Emirates) and of zero for the other countries. 
D3i = Dummy variable, with a value of one for the EAC countries included in this study 
(Hong Kong, Japan, Malaysia, Singapore, Indonesia, Republic of Korea, The 
Philippines, and Thailand) and of zero for the other countries. 
i = Countries of 1, 2,..., 987. 
a = intercept for equation (1). 
131--h3 = regression coefficients for equation (1). 
ui = regression residual for country i in equation (1). 
The linear regression equation using pooled data to estimate the structural change in the 
enrollment/economic growth relationship - the third objective - was as follows: 
Qit = a + BI Eit + b2D2it + 133D3it + 134D4it + f35D5it + 136D6it + 
h7D7it + 138D8it + 139D9it + uit (2) 
where: 
Qit and Eit = defined as Qi and Ei in equation (1) with their values in the periods t. The 
enrollment ratio, Eit, was applied in separate regressions to the total population 
In the first and to the female, male, and total populations of the second level of 
enrollment ratios. 
D2it, and D3it = the same as D2i and D3i in equation (1) repeated in the periods t. 
D4it.D9it = dummy variables with the value of one for either of the periods: 1955, 1960, 
See footnote 8. 
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1965, 1970, 1980, and 1992, respectively and zero otherwise. 
i = the same as in equation (1). 
t = periods of 1950, 1955, 1960, 1965, 1970, 1980, and 1992. 
a = intercept for equation (2). 
B1b9 = regression coefficients for equation (2). 
uit = regression residual for country i in period tin equation (2). 
The piecewise linear regression equation using pooled data to estimate the threshold value of the 
enrollment ratio in the enrollment/economic growth relationship - the fourth objective - was as 
follows: 
Qit = a + b1Eit + b2D2it + 133D3it + h4(Eit - E*)D10it + uit (3) 
where: 
Qpt, Eit, D2it, D3it, i, and t = the same as in equation (2). 
E = threshold value of enrollment ratio, E. 
D 10it = dummy variable, with a value of one if Eit was larger than E* and of zero if Eit was 
equal to or smaller than E*. 
a = intercept for equation (2). 
B 1 b4 = regression coefficients for equation (2). 
uit = regression residual for country i in period t in equation (2). 
Regression results were compared according to their F ratios, R2's, and Durbin-Watson statistics 
for the whole regressions, as well as to the sign and values of the t statistics of the estimated 
partial regression coefficients. 
The data used in this study for per capita GNP, per capita GNP growth, enrollment ratios, 1990 
literacy level, population, population growth, and 1970 and 1992 enrollment ratios were taken or 
derived from The World Bank (1995); 1970 literacy level, and the 1950, 1955, 1960, 1965, and 
1980 enrollment ratios were taken mainly from published figures in different years of the 
UNESCO, Statistical Yearbook; and for investment from Summers and Heston (1991). OPEC 
and EAC were listed from the PC Globe 5.0 Package. For each regression, only the countries that 
had data for that regression were included8. Consequently, the number of observations of the 
estimated regressions varied accordingly. The results of including every one of these variables in 
8 These countries included: Africa: Algeria, Benin, Bostwana, Burkina Faso, Burundi, Cameroon, Central African 
Republic, Chad, Congo, Cote d'Ivoire, Egypt Arab Republic, Gabon, Gambia, Ghana, Guinea-Bissau, Kenya, 
Lesotho, Madagascar, Malawi, Mali, Mauritania, Mauritius, Morocco, Mozambique, Niger, Nigeria, Rwanda, 
Senegal, Sierra Leone, South Africa, Togo, Tunisia, Zambia, Zimbabwe; Europe: Austria, Belgium, Bulgaria, 
Denmark, Finland, France, Hungary, Greece, Irland, Italy, The Netherlands, Norwey, Poland, Portugal, Romania, 
Spain, Sweden, United Kingdom, Switzerland; North America: Canada, Costa Rica, Dominican Republic, EI 
Salvador, Guatemala, Honduras, Jamaica, Mexico, Nicaragua, Panama, Puerto Rico, Trinada and Tobago, The 
United States; Oceania: Australia, New Zealand, Papua New Guinea, South America: Argentina, Bolivia, Brazil, 
Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay, Venezuela; Asia: Bangladesh, Hong Kong, India, Indonesia, 
Israel, Japan, Kuwait, Malaysia, Nepal, Pakistan, Philippines, Republic of Korea, Saudi Arabia, Singapore, Sri 
Lanka, Thailand, Turkey, and United Arab Emirates. 
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the regressions are not shown due to either low significancy of the estimated coefficients or to 
keep the paper short. 
RESULTS AND DISCUSSION 
A. The Relationship of Enrollment Ratios to Economic Growth 
In Tables I and 2, the results of the estimated regressions using equation (1) are presented. Table 
I is for the primary and Table 2 is for the secondary schooling. Table 1 contains seven 
regressions that correspond to the enrollment ratio data of 1950, 1955, 1960, 1965, 1970, 1980, 
and 1992. In addition to the enrollment ratios, the dummy variables for OPEC and EAC were 
also included in all the regressions. 
In Table 1, the F ratios and the Durbin-Watson statistics of all the estimated regressions were 
statistically significant at I % level. The estimated coefficients for enrollment ratios were 
statistically significant only for 1950, 1955, 1960, and 1992. The estimated coefficient of 1992 
enrollment ratio was the largest in value--that is, 0.0291--and with the highest statistical 
significance among the seven periods under consideration. These results may support the 
assumption that education is not only the seed but also the fruit of economic growth. 
The intercept of the estimated regression lines between primary enrollment ratio and economic 
growth shifted downward once the OPEC dummy variable was introduced into the model and 
shifted upward when the EAC dummy was included. The negative relationship of OPEC and 
positive relationship of EAC to economic growth, with the exception of 1950, were all 
statistically significant. 
Table 2 shows the relationship of secondary enrollment ratios to per capita GNP growth of 
female, male, and total populations. It contains 21 regressions that are divided into seven sets of 
three regressions. Each set in turn corresponds to the enrollment ratio data of 1950, 1955, 1960, 
1965, 1970, 1980, and 1992, and each regression in the set corresponds to the female, male, and 
total populations. Here again, in addition to the enrollment ratios, the dummy variables for OPEC 
and EAC were also included in all the regressions. 
In Table 2, the F ratio and Durbin-Watson statistics of all regressions as well as t statistics for all 
of the estimated partial coefficients, with two exceptions in 1955, were statistically significant. 
Comparing regressions of Table 1--primary schooling--to corresponding regressions of Table 2-- 
secondary schooling--it is observed that the regressions of secondary schooling are generally 
better fitted than those of primary schooling. That is, regressions of secondary enrollment ratios 
have generally larger R2's, F ratios, and t statistics than those of primary level. The values of the 
estimated partial coefficient of the secondary enrollment ratios, with the exception of 1992, are 
larger than those of the corresponding coefficients of primary enrollments. This finding is not 
consistent with the results of Psacharopoulos (1973, p. 119) that the contribution of primary 
9 education is much higher than those of higher education and of secondary education . The 
9 The regressions 18 and 21 in Table 2 were reestimated substituting tertiary enrollment ratios of 1980 and 1992 for 
which data were available, respectively. The results showed statistically significant values of 0.0386 and 0.0300 for 
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estimated coefficients for the secondary enrollment ratio shown in Table 2, ranged from 0.0166 
to 0.0293, 0.0180 to 0.0359, and 0.0176 to 0.0346 for the female, male, and total populations, 
respectively. The largest value for the estimated coefficient of enrollment ratios was found in the 
female, male, and total populations of 1955. 
Similar to the results of primary schooling in Table 1, the intercept of the estimated regression 
lines of the secondary schooling in Table 2 shifted downward once the OPEC dummy variable 
was introduced into the model and shifted upward once the EAC dummy was included. The 
negative relationship of OPEC and positive relationship of EAC to economic growth, with the 
exception of 1950 and 1955 of OPEC, were all statistically significant. 
B. Enrollment / Economic Growth Relationship and the Structural Change - Using Pooled 
Data 
The third objective was to see whether there has been any structural change in the 
enrollment/economic growth relationship. Table 3 shows the six estimated regressions using 
equation (2) and the pooled cross-section data of 1950, 1955, 1960, 1965, 1970, 1980, and 1992. 
In Table 3, regressions 1 and 2 belong to primary enrollments of total population and regressions 
3 and 4 for secondary female and male, respectively; and regressions 5 and 6 for secondary total 
populations. Regressions 2 and 6 contained dummy variables for the different periods. However, 
the other four regressions lacked these dummies. 
Estimated regressions of Table 3 had larger f ratios and t statistics for the partial coefficients of 
enrollment ratios and OPEC and EAC dummy variables than the corresponding regressions in 
Tables 1 and 2. This shows that the regressions with pooled data explain the 
enrollment/economic growth relationship better than those with separate cross-section data. The 
value of the estimated partial coefficient for secondary enrollment of total population is 0.0195-- 
regression 5 in Table 3. This is larger than 0.0122 which is the corresponding figure for the 
primary level--regression 1 in Table 3. 
The estimated partial coefficient of dummy variables of the six period, D4it to D9it of regression 
2 in Table 3, were not statistically significant. That is, there is no significant structural change-- 
shift in the intercept-in the regressions of primary enrollment/economic growth relationship. In 
regression 6 of Table 3 for secondary enrollments, however, the estimated partial coefficients for 
the dummy variables of 1980 and 1992, Dgit and D9it, were with negative sign and significant at 
10% level. This implies some negative structural change in the periods 1980 and 1992 as 
compared to the reference period 195010 in the secondary enrollment/economic growth 
relationship. As compared to 1950, this might imply that in 1980 and 1992 less favourable 
conditions were available to take advantage of education for economic growth. 
the estimated partial coefficients of the tertiary enrollments of 1980 and 1992. These were larger than the 
corresponding figures for the secondary enrollments that were 0.0176 and 0.0241 (regressions 18 and 21 in Table 2) 
and the primary enrollments that were 0.0118 and 0.0291 (regressions 6 and 7 in Table 1). 
10 The periods 1980 and 1992 were compared to the other periods such 1970, by omitting the dummies of the other 
periods from the regression. The results did not show any statistically significant changes in the intercept. Therefore, 
the structural change in 1980 and 1992 is valid when these periods are compared to 1950 and not to the earlier 
periods. 
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Similar to cross-section regressions, presented in Tables 2 and 3, statistically significant negative 
effect of OPEC and positive effect of EAC are evident from the estimated coefficients of their 
dummy variables, D3it and D4it, in the pooled regressions in Table 3. 
C. Enrollment / Economic Growth Relationship and the Threshold Value for Enrollment 
Ratios - Using Pooled Data 
Piecewise linear regression, equation (2), and pooled data were employed to estimate the 
threshold value of the enrollment ratio in the enrollment/economic growth relationship. The 
estimated results are shown in Table 4. In this Table, regression 1 belongs to primary enrollment 
of total population and can be compared with regression 1 of Table 3; Regressions 2, 3, and 4 
belong to secondary enrollments of female, male, and total populations and can be compared 
with regressions 3, 4, and 5 of Table 3, respectively. The four regressions in Table 4 are 
statistically significant in terms of their F ratio, and Durbin-Watson statistics and t values of the 
estimated partial coefficients. Different threshold values were tried for the enrollment ratios but 
only the most statistically significant ones are presented in Table 4. The threshold value for 
primary enrollment of total population E* was 42% (regression 1 in Table 4). Similarly the 
threshold values E*s for secondary enrollment of female, male, and total populations were 23, 53 
and 36%, respectively (regressions 2, 3, and 4 in Table 4). 
The estimated two-segment piecewise lines of the regressions in Table 4 are shown in Figures 1 
to 4. Their corresponding regressions in Table 3 that lack threshold value are also shown in the 
Figures for comparison. In this analysis, given that the sign for each estimated coefficient (B10it) 
of the threshold dummy (D 10it) in Table 4 and Figure 1 to 4 were negative, the second segments 
of the regression lines were less steep l1. In contrast, the slope of the first segment of the 
piecewise regressions became much steeper than that of the corresponding regressions in Table 3 
when the dummy variable for the threshold value was included (Compare, for example, B I it of 
regression 4 in Tables 4 to that of regression 5 in Table 3--that is, 0.0465 and 0.0195). The slope 
of the first segment of the regression line (Blit) of the estimated regression 4 of Table 4 was 
0.0465, and the slope of the second segment was 0.0218--i.e, 0.0465 - 0.0247. It is interesting to 
note from Table 3 that the slope of the regression line in regression 5 was 0.0195. This value lies 
somewhere between the slopes of the two segments of the regression line in regression 4 of Table 
4--see Figure 4 as well. This phenomenon may not always hold, however, since the slopes of two 
segments of a piecewise regression line depend partly on the value of the threshold and the fit of 
the regression. 
Accordingly it can be concluded from regressions in Table 4 that, up to the statistically 
significant threshold value of 42 percent the primary enrollment ratio of total population was 
much more effective on economic growth than those beyond the threshold values (given that the 
B 10it s were negative). The same conclusion can made for secondary education of female, male, 
and total populations at 23, 53, and 36 percent enrollment ratios, respectively. 
11 The slope of the second segment of each of the regression lines is calculated as !31 it plus B 10it -- that is, the 
coefficient of Eti and D 10it respectively (Gujarati, P. 455). 
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The average of the slopes of the two segments of the regression line for the estimated regressions 
in Table 4 was larger than that of the corresponding regression line in Table 3. In fact, even the 
second segment of regressions in Table 4 had a larger estimated coefficient than did the 
corresponding regressions in Table 3, as can be seen when 131 it + 1310it of each of the regressions 
in Table 4 is compared with 131 it of the corresponding regressions in Table 3. It is, therefore, 
important to mention that introducing the threshold dummy variable increased the effect of the 
enrollment ratio in the first as well as the second segments of all pooled regressions; and (2) not 
including the threshold dummy variable in the regressions would have underestimated the effects 
of the enrollment ratios in this analysis. 
In the estimated regressions in Table 4, the negative effects of OPEC and the positive effects of 
EAC on economic growth were again observed. The question of what caused the negative effect 
by OPEC and the positive effect by EAC is indeed interesting to explore but is beyond the scope 
of this study. 
SUMMARY AND CONCLUSIONS 
The four objectives of this study were as follows: (1) to explore the relationship of school 
enrollment ratio to economic growth across various countries; (2) to determine whether the 
relationship of enrollment ratios to economic growth differs for OPEC and/or for EAC from that 
of other countries under investigation due to economic structural differences; (3) to see whether 
there has been any structural change over time - leading to a shift in the intercept of the estimated 
enrollment/economic growth regressions; and (4) to investigate whether the slope of the 
regression line between enrollment ratio and economic growth remains constant regardless of the 
level of enrollment ratio. Linear and piecewise regression methods, cross-country data of 
different periods, and pooled-cross-country data were employed in the analyses. 
In the cross-country and-pooled cross-country analysis, the relationship of primary enrollment 
ratios, and secondary enrollment ratios to per capita GNP growth were positive and statistically 
significant. The cross-section estimated results showed that the regressions of secondary 
enrollment/economic growth relationships were generally better fitted than those of primary 
regressions. And the relationships--i.e., the value of the estimated coefficients--for secondary 
enrollments ratios were generally stronger than those of primary ones. 
Regressions with pooled data in Table 3 explained the enrollment/economic growth relationship 
better than those with separate cross-section data. The estimated regressions using pooled data 
showed stronger enrollment/economic growth relationship for secondary education than primary 
education as well. This finding is not consistent with the results of Psacharopoulos (1973, p. 119) 
that the contribution of primary education is much higher than that of higher education and that 
of secondary education. The value of the estimated partial coefficient for secondary enrollment 
of total population was 0.0195. This was larger than 0.0122 that was the corresponding figure for 
the primary enrollment. 
Pooled estimated regressions showed some negative structural change in the periods 1980 and 
1992 as compared to reference period 1950. This might imply that, as compared to 1950, in 1980 
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and 1992 less favourable conditions prevailed to take advantage of education for economic 
growth. 
The estimated results of piecewise regressions in the enrollment/economic growth relationship 
showed the threshold value (E*) as follows: forty two percent for primary enrollment of total 
population; and 23, 53, and 36 percent for secondary enrollment of female, male, and total 
populations, respectively. From the explanations given in section C of the results section, two 
points with regard to threshold values can be concluded. First, the effects of the primary and 
secondary enrollment ratios of up to the threshold values were much more powerful on economic 
growth than were those beyond the threshold values. Second, not including the threshold dummy 
variable in the regressions would have resulted in underestimating the effects of the enrollment 
ratios in this analysis. 
The intercept of the estimated regression lines between primary as well as secondary enrollment 
ratios and economic growth shifted downward once the OPEC dummy variable was introduced 
into the model and shifted upward when the EAC dummy was included. These shifts were 
observed in all estimated regressions using either cross-section or pooled data and whether or not 
the threshold dummy variable was included in the regressions. This finding may indicate that in 
spite of the positive effects of primary and secondary enrollment ratios on per capita GNP 
growth, some factor or factors inhibited economic growth in OPEC during 1980-1993; likewise, 
some factor or factors stimulated growth in EAC. The question of what caused the negative 
effect by OPEC and the positive effect by EAC is indeed interesting to explore but is beyond the 
scope of this study. 
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Table 1. Estimated regression coefficients for the cross-country relationship of the primary 
enrollment ratios of total population 1950, 1955, 1960, 1965, 1970, 1980, and 1992, OPEC, 
and EAC to per capita GNP growth of 1980-93, using equation (1). 
1950 1955 1960 1965 1970 1980 1992 
Regression 
number 1 2 3 4 5 6 7 
Explanatory 
variablesa: 
Gei 0.0138** 0.0124* 0.0123* 0.0114 0.0093 0.0118 0.0291*** 
(2.02)b (1.76) (1.67) (1.48) (1.20) (1.19) (2.72) 
D21 -1.3778 -1.7170` -1.6057* -1.8570* -2.2978*** -1.9885** -2.6659*** 
(-1.54) (-1.70) (-1.94) (-2.26) (-3.13) (-2.13) (-3.25) 
D31 4.3603*** 3.4062*** 3.4201*** 4.3486*** 4.9779*** 4.2179*** 4.7817*** 
(4.03) (3.64) (3.60) (4.93) (5.99) (5.08) (4.95) 
R2 0.302 0.255 0.222 0.301 0.361 0.285 0.355 
R2 (adj.) 0.267 0.222 0.190 0.274 0.339 0.259 0.330 
F-ratio 8.79*** 7.55*** 6.86*** 11.21*** 16.35*** 11.02*** 14.45*** 
n1,n2 3,60 3,66 3,72 3,78 3,87 3,83 3,79 
D-W 2.11*** 2.09*** 2.13*** 1.84*** 2.06*** 1.88*** 2.04*** 
k,n 3,65 3,70 3,76 3,82 3,91 3,87 3,83 
SEE 2.0783 2.1679 2.2129 2.2026 2.0863 2.1994 2.0629 
Intercept -0.5271 -0.3589 -0.5514 -0.4524 -0.2969 -0.6316 -2.0888** 
(-1.08) (-0.68) (-0.93) (-0.68) (-0.34) (-0.68) (-2.09) 
* Significant at 10% level. 
* * Significant at 5% level. 
*** Significant at 1% level. 
a Definition of the variables are given under equations (1). 
b Figures in parentheses are t values for the estimated coefficients. 
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Table 2. Estimated regression coefficients for the cross-country relationship of the 
secondary enrollment ratios of 1950, 1955, 1960, 1965, 1970, 1980, and 1992, OPEC, and 
EAC to per capita GNP growth of 1980-93, using equation (1). 
1950 1955 
Female Male Total Female Male Total 
Regression 
number 1 2 3 4 5 6 
Explanatory 
variablesa: 
Ei 0.0268 0.0263* 0.0282 0.0274* 0.0359*** 0.0346** 
(1.46)b (1.72) (1.65) (1.82) (2.97) (2.51) 
D2 1 -1.3163 -1.2962 -1.2927 -1.2771 -1.1637 -1.1952 
(-1.37) (-1.36) (-1.35) (-1.26) (-1.19) (-1.20) 
D3 1 5.2260*** 4.5950*** 5.0617*** 3.6840*** 3.2642*** 3.4469*** 
(3.90) (3.66) (3.75) (3.91) (3.53) (3.70) 
R2 0.290 0.308 0.305 0.282 0.335 0.311 
R2 (adj.) 0.262 0.272 0.269 0.248 0.304 0.280 
F-ratio 8.09*** 8.47*** 8.35*** 8.49*** 10.92*** 9.80*** 
nl,n2 3,57 3,57 3,57 3,65 3,65 3,65 
D-W 1.71*** 1.66*** 1.69*** 1.88*** 1.84*** 1.87*** 
k,n 3,61 3,61 3,61 3,69 3,69 3,69 
SEE 2.2076 2.1922 2.1968 2.1596 2.777 2.1142 
Intercept 0.0052 -0.0735 -0.536 -0.0088 -0.3071 -0.1917 
(0.01) (-0.20) (-0.15) (-0.03) (-0.88) (-0.55) 
Table 2. Continued - . . 
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Table 2. Continued . . 
1960 1965 
Female Male Total Female Male Total 
Regression 
number 1 2 3 4 5 6 
Explanatory 
variablesa: 
Ei 0.0293* 0.0350** 0.0311** 0.0206** 0.0246** 0.0238** 
(1.81)b (2.62) (2.25) (2.01) (2.50) (2.32) 
D2 1 -1.8704* -1.9020** -1.8758* -1.8461** -1.8583** -1.8385** 
(-1.92) (-2.00) (-1.95) (-2.08) (-2.13) (-2.09) 
D3 i 3.9482*** 3.6772*** 3.8171*** 4.044*** 3.9113*** 3.9617*** 
(4.30) (4.07) (4.18) (4.23) (4.13) (4.17) 
R2 0.314 0.347 0.331 0.299 0.317 0.110 
R2 (adj.) 0.284 0.318 0.301 0.271 0.291 0.283 
F-ratio 10.37*** 12.03*** 11.19*** 10.93*** 11.93*** 11.53*** 
nl1n2 3,68 3,68 3,68 3,77 3,77 3,77 
D-W 2.12*** 2.13*** 2.13*** 1.95*** 1.97*** 1.96*** 
k,n 3,72 3,72 3,72 3,81 3,81 3,81 
SEE 2.2710 2.2160 2.2433 2.2157 2.1858 2.1977 
Intercept 0.0296 -0.2587 -0.1227 -0.0339 -0.2482 -0.1690 
(0.08) (-0.66) (-0.32) (-0.91) (-0.63) (-0.44) 
Table 2. Continued ... 
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Table 2. Continued ... 
1970 1980 
Female Male Total Female Male Total 
Regression 
number 1 2 3 4 5 6 
Explanatory 
variablesa: 
Ei 0.0204** 0.0236*** 0.0224*** 0.0166** 0.180** 0.0176** 
(2.56)b (2.83) (2.72) (2.31) (2.19) (2.28) 
D2i -2.0306*** -2.0636*** -2.0400*** -1.7280** -1.7826** -1.7509** 
(-2.77) (-2.85) (-2.80) (-2.05) (-2.11) (-2.07) 
D3 1 5.0093*** 4.9156*** 4.9619*** 4.0043*** 4.0445*** 4.0186*** 
(6.17) (6.08) (6.13) (5.01) (5.05) (5.02) 
R2 0.400 0.408 0.404 0.325 0.320 0.323 
R2 (adj.) 0.377 0.387 0.383 0.299 0.295 0.298 
F-ratio 18.59*** 19.30*** 19.01*** 12.82*** 12.57*** 12.75*** 
nl,n2 3,84 3,84 3,84 3,80 3,80 3,80 
D-W 2.01*** 2.06*** 2.03*** 1.93*** 1.92*** 1.93*** 
k,n 3,88 3,88 3,88 3,84 3,84 3,84 
SEE 2.0549 2.0388 2.0455 2.1271 2.1341 2.1291 
Intercept -0.1290 -0.3392 -0.2419 -0.1654 -0.2996 -0.2455 
(-0.38) (-0.90) (-0.67) (-0.42) (-0.65) (-0.57) 
Table 2. Continued .. . 
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Table 2. Continued ... 
1922 
Female Male Total 
Regression 
number 1 2 3 
Explanatory 
variablesa: 
Ei 0.0223*** 0.0251*** 0.0241*** 
(3.22)b (3.26) (3.28) 
D2 1 -2.8478*** -2.8281*** -2.8364*** 
(-3.25) (-3.23) (-3.24) 
D3 1 5.1714*** 5.2085*** 5.1846*** 
(4.26) (4.30) (4.28) 
R2 0.383 0.385 0.386 
R2 (adj.) 0.357 0.359 0.360 
F-ratio 14.51*** 14.62*** 14.67*** 
nl,n2 3,70 3,70 3,70 
D-W 2.06*** 2.07*** 2.06*** 
k,n 3,74 3,74 3,74 
SEE 2.0527 2.498 2.0482 
Intercept -0.4909 -0.6796 -0.6039 
(-1.14) (-1.43) (-1.33) 
* Significant at 10% level. 
* * Significant at 5% level. 
*** Significant at 1% level. 
a Definition of the variables are given under equations (1). 
b Figures in parentheses are t values for the estimated coefficients. 
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Table 3. Estimated structural change regression coefficients for the relationship of the 
primary and secondary enrollment ratios, OPEC, EAC, and period dummy variable to per 
capita GNP growth of 1980-93, using pooled-cross-section data of 1950, 1955, 1960, 1965, 
1970, 1980, and 1992, and equation (2). 
Total Total Female Male Total Total 
Regression 
number 1 2 3 4 5 6 
Explanatory 
variablesa: 
Eit 0.0122*** 0.0131*** 0.0174*** 0.0208*** 0.0195*** 0.0236*** 
(4.43)b (4.44) (5.54) (6.39) (6.03) (6.40) 
D2it -1.9364*** -1.9380*** -1.8986*** -1.90*** -1.8931*** -1.8629*** 
(-6.12) (-6.09) (-5.77) (-5.82) (-5.78) (-5.68) 
D31t 4.2136*** 4.2038*** 4.3733*** 4.2680*** 4.3182*** 4.2552*** 
(12.44) (12.34) (12.46) (12.23) (12.35) (12.09) 
D41t(1955) -0.0287 -0.1334 
(-0.08) (-0.36) 
D5it (1960) -0.2071 -0.1225 
(-0.57) (-0.33) 
D6it(1965) -0.1406 -0.2790 
(-0.39) (-0.77) 
D7it(1970) -0.0896 -0.3393 
(-0.26) (-0.94) 
D8it(1980) -0.3232 -0.6263` 
(-0.90) (-1.67) 
D9it(1992) -0.2289 -0.7170* 
(-0.63) (-1.82) 
R2 0.292 0.293 0.320 0.333 0.327 0.334 
R2 (adj.) 0.288 0.282 0.316 0.329 0.323 0.323 
F-ratio 75.50*** 25.09*** 82.48*** 87.20*** 84.14*** 28.94*** 
nl,n2 4,549 11,542 4,524 4,524 4,524 11,517 
D-W 2.01*** 2.02*** 1.95*** 1.96*** 1.96*** 1.97*** 
k,n 4,554 11,554 4,529 4,529 4,529 11,529 
SEE 2.1137 2.1229 2.1221 2.1029 2.1112 2.1125 
Intercept -0.5069* -0.4256 -0.0196 -0.1955 -0.1168 0.0962 
(-2.17) (-1.35) (-0.15) (-0.36) (-0.84) (0.35) 
* Significant at 10% level. 
** Significant at 5% level. 
*** Significant at 1% level. 
a Definition of the variables are given under equations (2). 
b Figures in parentheses are t values for the estimated coefficients. 
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Table 4. Estimated piecewise regression coefficients for the relationship of the primary and 
secondary enrollment ratios, OPEC, EAC, and threshold dummy variable to per capita 
GNP growth of 1980-93, using pooled-cross-section data of 1950, 1955, 1960, 1965, 1970, 
1980, and 1992, and equation (2). 
Primary Secondary 
Total Female Male Total 
Regression 
number 1 2 3 4 
Explanatory 
variablesa: 
Eit 0.0500''* 0.0693*** 0.0362*** 0.0465*** 
(3.83)b (3.94) (5.37) (4.52) 
D2 it -].9474*** -1.9248*** -1.9311*** -1.9261*** 
(-3.20) (-5.89) (-5.96) (-5.92) 
D3 1t 4.2430*** 4.3576*** 4.136*** 4.1807*** 
(12.61) (12.52) (11.79) (11.91) 
D1 0it -0.0311 -0.0485*** -0.0151*** -0.0247*** 
(-2.96) (-2.99) (-2.60) (-2.76) 
E*=42c E*=23 E*=53 E*=36 
R2 0.303 0.333 0.341 0.337 
R2 (adj.) 0.298 0.328 0.336 0.332 
F-ratio 59.62*** 65.22*** 67.81*** 66.56*** 
nl,n2 5,548 5,523 5,523 5,523 
D-W 2.00*** 1.96*** 1.98*** 1.97*** 
k,n 5,554 5,529 5,529 5,529 
SEE 2.0989 2.1053 2.0915 2.0981 
Intercept -1.1903*** -0.3032* -0.4170** -0.3851** 
(-3.64) (-1.88) (-2.51) (-2.28) 
* Significant at 10% level. 
** Significant at 5% level. 
*** Significant at 1% level. 
a Definition of the variables are given under equations (2). 
b Figures in parentheses are t values for the estimated coefficients. 
C E* = the threshold value for the enrollment ratio used in the regression. 
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Figure 2. The slopes of the lines of regression no. 3 in table 3 and no. 2 in table 4. 
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